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ABSTRACT 


This  report  describes  the  work  accomplished  diirlng  the  first  two 
months  of  a  program  aimed  at  strengthening  chromlmn-cerainlc  com¬ 
posites  by  alloying.  The  Initial  phases  of  this  program  were 
directed  toward  better  definition  of  the  ductility  of  currently 
produced  chromium-magnesia  composites  and  improvements  therein, 

If  required.  The  notch  tensile  properties  of  Chrome-30  were  de¬ 
termined  at  several  stress  concentration  levels .  Extrusions 
representing  variations  in  the  ceramic  addition  and  In  process¬ 
ing  were  prepared  for  Investigating  potential  methods  of  im¬ 
proving  ductility  and  lowering  the  Impact  transition  temperature. 
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1.0  INTRODUCTION 


The  purpose  of  this  program  Is  to  investigate  strengthening  of 
chromium-ceramic  composites  hy  means  of  alloying.  It  was  decided 
that  the  initial  efforts  should  be  directed  toward  defining  the 
tensile  notch  ductility  of  Chrame-30.  This  chromiiui-magnesia  com¬ 
posite  represents  current  state-of-the-art  production  material. 

If  the  notch  ductility  of  Chrome-30  should  prove  unsatisfactory, 
an  effort  should  be  made  toward  improving  these  properties.  This 
approach  aims  at  achieving  good  ductility  before  beginning  the 
solid  solution  strengthening  investigation  since  the  latter  work 
can  be  expecte""  to  result  in  some  loss  in  ductility. 

The  following  work  was  completed  during  the  period  January  29* 

1963  -  March  31,  1963: 


2.0  INVESTIGATION  OF  TENSILE  NOTCH  DUCTILITY  OF  Cr-MgO  COMPOSITES 

2.1  Establishment  of  Evaluation  Parameters; 

2.1.1  At  the  outset  of  this  program  it  v;as  necessary  to  select 

a  test  specimen  configuration  and  to  establish  specimen  fabrica¬ 
tion  &  testing  procedures.  The  selection  of  a  round  notched  ten¬ 
sile  specimen  was  based  on  a  number  of  considerations,  A  large 
body  of  tensile  data  for  unnotched  round  tensile  specimens  of 
Chrome-30  (Cr-MgO  composite)  was  already  available.  This  elimi¬ 
nated  the  need  for  obtaining  unnotched  data  on  a  different  type 
of  specimen  in  order  to  provide  notched/unnotched  strength  ratio 
information.  A  brief  review  of  the  literature  indicates  that 
round  notched  tensile  specimens  are  routinely  used  by  such  groups 
as  the  National  Bvireau  of  Standards,  Battelle  Memorial  Institute, 
and  The  Boeing  Company,  An  abbreviated  list  of  references  giving 
a  few  typical  examples  of  such  usage  is  attached  to  this  report (1) 
(2),  (3).  ' 

The  tensile  bar  size  was  selected  so  that  the  diameter  of  the 
notched  bar  at  the  base  of  the  notch  root  v;-as  the  same  as  the  re¬ 
duced  section  diameter  of  the  unnotched  bars  previously  tested. 

The  notch  configurations  required  for  various  stress  concentration 
values  v/ere  calculated  on  the  basis  of  information  presented  by 
Peterson (^5,  A  preliminary  investigation  of  various  methods  for 
producing  the  notches  indicated  that  grinding  with  a  template- 
dressed  wheel  produced  the  most  accurate  notches.  Since  some 
cold -work  could  result  from  the  maclilning  operations,  an  anneal¬ 
ing  schedule  of  one  hour  @1800°F  in  vacuum  was  specified  for  each 
bar  before  testing.  The  notches  were  Inspected  on  a  shadowgraph 
at  50X  magnification  before  ard  after  annealing  to  check  the  root 
diameter,  root  radius,  and  general  quality.  Photographs  were  made 
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of  typical  notch  silhouettes  using  a  40X  magnification.  Notched 
tensile  specimens  would  he  pao’ticularly  sensitive  to  any  misalign¬ 
ment  of  the  test  equipment.  Therefore,  a  special  alignment  pro¬ 
cedure  was  carried  out  prior  to  initiating  the  notched  specimen 
tests.  This  followed  generally  the  allgipent  procedures  outlined 
in  the  Boeing  reference  previously  cited (3). 

2,2  Definition  of  Notch  Tensile  Properties  of  Chrome-30: 

2.2.1  The  notch  strength  of  many  materials  possessing  moderate 

ductility  can  he  appreciably  reduced  hy  Increasing  the  stress 
concentration  factor.  For  this  reason  it  was  felt  that  the  data 
would  he  more  meaningful  if  Chrome-30  were  evaluated  using  several 
different  notches  giving  Kj  values  ranging  from  2  to  8  (the  latter 
value  representing  the  sharpest  notch  that  could  he  practically 
ground).  Accordingly  tests  were  run  on  notched  bars  having  Kt's 
of  approximately  2,  3,  6,  and  8.  In  instances  where  two 

tests  were  rtm  at  a  given  the  reproducibility  of  data  was  ex¬ 
cellent,  It  was  originally  Intended  to  run  two  tests  at  each  Kf 
hut  some  of  the  bars  were  accidentally  broken  in  handling.  The 
effects  of  using  higher  strain  rates  and  unannealed  specimens 
were  also  separately  evaluated  using  notched  bars  with  a  Kj  of  3. 

2.2.2  The  data  obtained  with  notched  bars  of  Chrome-30  was  com¬ 
pared  with  the  average  ultimate  strength  obtained  previously  in 
108  tests  run  with  unnotched  bars  of  similarly  processed  material. 
All  of  the  notched  specimens  were  made  from  one  Idt  of  extruded 
material.  The  average  ultimate  strength  exhibited  by  the  unnotch¬ 
ed  specimens  was  4-9,000  psi.  The  notched/unnotched  strength  data 
for , Chrome-30  were  found  to  he  essentially  independent  of  stress 
concentration  level  through  a  Kt  of  8  (when  tested  at  room  tem¬ 
perature  and  a  constant  strain  rate).  Increasing  the  strain  rate 
by  a  factor  of  10  resulted  in  a  slight  increase  in  notched 
strength.  Elimination  of  the  annealing  cycle  produced  a  20%  de¬ 
crease  in  notched  strength.  The  data  from  these  tests  is  svun- 
marized  and  plotted  in  Sections  5,1  and  5.2. 

2.2.3  In  view  of  the  nature  of  the  data  obtained  at  room  tem¬ 
perature  and  the  limited  time  available  for  the  total  program,  it 
was  decided  to  omit  the  proposed  notch  tensile  study  at  elevated 
temperatures.  It  was  felt  that  these  tests  wouldn't  yield  enough 
additional  information  to  be  justifiable. 


3,0  REDUCTION  OF  IMPACT  TRANSITION  TE>!PERATURE 

3.1  Prenaration  of  Extrusions  for  Evaluation; 

3.1.1  Since  the  tests  described  previously  revealed  a  notched/ 
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unnotched  ultimate  tensile  strength  ratio  of  approximately  1  at 
several  Kt's,  no  drastic  improvement  in  tensile  notch  toughness 
was  called  for.  Therefore,  the  effort  originally  proposed  for 
improving  the  notch  tensile  "behavior  could  be  trarisferred  to  at¬ 
tempting  to  lower  the  impact  transition  temperature.  The  approach 
to  either  problem  would  be  essentially  the  same  in  so  far  as  com¬ 
positional  and  processing  variables  were  concerned.  Consequently 
billets  were  prepared  for  investigating  several  potential  methods 
of  reducing  the  impact  transition  temperature.  They  were  extruded 
at  the  ASD  Metals  and  Ceramics  Laboratory  at  Wright-Patterson  Air 
Force  Base,  Impact  test  specimens  are  curi’ently  being  machined 
from  the  resulting  extrusions.  A  total  of  seven  variables  will 
be  studied.  These  are; 

a.  Variations  in  MgO  content  (0,  3>  6,  &  9  weight  %) 
aimed  at  minimizing  the  stress  concentration  effect 
of  the  oxide  particles  while  retaining  the  bene¬ 
ficial  aspects  thereof. 

b.  Two  processing  variations  aimed  at  reducing  the 
oxide  particle  size  and  improving  dispersion, 

c.  Substitution  of  ThOo  for  MgO  to  provide  a  more 
inert,  oxide  dispersion  that  will  exhibit  improved 
resistance  to  coalescence  at  elevated  temperatures. 

3.1 *2  In  the  meantime,  a  number  of  refinements  have  been  made  in 
the  Impact  test  equipment  that  will  be  used  for  evaluating  these 
specimens • 


4,0  FUTURE  PLAMII^ 

4.1  The  Following  Work  is  Planned  for  the  Next  Reporting  Period: 

4.1 .1  Evaluation  of  impact  strength  of  the  various  extruded  ma¬ 
terials  described  above  with  the  objective  of  lowering  the 
impact  transition  temperature, 

4.1 .2  Evaluation  of  room  temperature  notched  and  unnotched  tensile 
properties  of  materials  exhibiting  the  best  impact  results . 

4.1 .3  Selection  of  base  composition  representing  the  best  tensile 
and  impact  properties  for  use  in  subsequent  solid  solution 
strengthening  investigation, 

4.1 .4  Selection  of  alloying  parameters  (additives .  percentages, 
processing,  etc.)  for  solid  solution  strengthening  investi¬ 
gation. 
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4.1 .5  Preparation  of  extrusion  billets  required  for  solid  solu¬ 
tion  strengthening  investigatibn* 

5.0 

(These  items  are  found  on  the  following  pages) 

5.1  Table  of  Room  Temperature  Notched  Tensile  Data  for  Chrome-'^O. 

5.2  Plot  of  NotehedAJnnotched  Ratio  vs  Kp  for  ChrQae-3Q. 

5.3  References. 

5.4  Distribution  List  -  Contract  11600(19)59647. 
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‘Average  data  from  108  tests  of  unnotched  bars  of  similar  material  evaluated  In 
previous  program. 
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STRESS  CONCENTRATION  FACTOR  (%) 
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